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AMENDMENTS TO THE CLAIMS 

The listing of claims will replace all prior versions, and listings, of claims in the application; 



Listing of Claims : 

1. (Currently Amended) A bi-functional catalyst useful for oxidation and removal 
of nitrogen oxides (NOx) contained in fuel combustion gases, the catalyst comprising: 

an adsorption function metal oxide component comprising at least one metal 
oxide selected from the group consisting of oxides of barium, cesium, lanthanum, 
strontium, and zirconium, 

wherein said adsorption metal oxide component includes lanthanum, 
said adsorption function metal oxide component providing adsorption 
function and adsorption sites for nitrogen oxides in fdcl combustion gases; and 
an oxidation function metal oxide component comprising at least one metal oxide 
selected from the group consisting of chromium, cobalt, copper, iron, manganese, and 
platinvim, 

wherein said oxidation metal oxide component includes at least one of 
co pper or maneanesc promoted with platinum. 

said oxidation function metal oxide component providing an oxidation 
function and oxidation sites fornitrogcn oxides in fuel combustion gases, 
said adsorption metal oxide component and said oxidation metal oxide component 
being combined together in close intimate contact so that said adsorption metal oxide 
component and said oxidation metal oxide component arc chemically bonded closely 
together so as to form a metal oxide complex having a crystalline structure, 

said adsorption sites and oxidation sites for nitrogen oxides within the bi- 
fimctional catalyst being adjacent to each other and arranged so as to promote 
adsorption and oxidation of nitrogen oxides when exposed to fUel combustion 
gases containing nitrogen oxides, 

the molar ratio of metal witliin the adsorption function metal oxide 
compo]ient to metal within the oxidation function metal oxide component being in 
a ratio range of 0.1:1 to S:l in the bi-functional catalyst 
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2. (Previously Presented) The bi-functional catalyst of claim 1, wherein said 
oxidation function metal oxide component includes copper, manganese, and platinum, and the 
molar ratio of metal within the adsorption function metal oxide component to metal witliin the 
oxidation function metal oxide component is in a. range of about 0.2 : 1 to 2: 1 . 

3. (Currently Amended) The bi-functional catalyst of claim 1, wherein said 
adsoTption function metal oxide component includes at l e aot ^le-ef barium (Ba) or lanthanum 
(fe^, and said metal oxide oxidation component includes copper (Cu) and manganese (Mn) 
promoted with platinum (Pt). 

4. (Cancelled). 

5. (Previously Presented) The bi-functional catalyst of claim 1» wherein said 
adSOTption metal oxide component includes barium (Ba), and said oxidation metal oxide 
component includes copper (Cu), and optionally manganese (Mn), promoted with platinum (Pt)» 

6. (Previously Presented) The bi-functional catalyst of claim 1, wherein said bi- . 
functional catalyst is provided on a porous support material having surface area of at least about 
50mVg. 
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7. (Currently Amended) A bi-functional catalyst useful for oxidation and removal 
of nitrogen oxides (NOx) contained in fuel combustion gases, the catalyst comprising: 

an adsorption function metal oxide component comprising at Icaat on e of barium 
lanthanum and providing adsorption ftinction and adsorption sites for nitrogen oxides 
in fuel combustion gases; and 

an oxidation function jtietal oxide component soloctod from tho group oonaiating 
ef comprising at least one of copper [{,]] or manganese taid promoted with platinum and 
providing oxidation function and oxidation sites for nitrogen oxides in fuel combustion 
gases, 

said adsorption metal oxide component and said oxidation metal oxide component 
being combined intimately together so that said adsorption metal oxide component and 
said oxidation metal oxide component are chemically bonded closely together $o as to 
form a metal oxide complex having a crystalline structure, 

said adsorption sites and oxidation sites for nitrogen oxides within the bi- 
functional catalyst being adjacent to each other and arranged so as to promote 
adsorption and oxidation of nitrogen oxides when exposed to fuel combustion 
gases containing nitrogen oxides, 

the molar ratio of metal within the adsorption function metal oxide 
component to metal within the oxidation function metal oxide component being in 
arangeof0.2:l to2:l, 

said metal oxide components being provided on a porous inert support material 
having strrfacc area of 50-500 m^/g. 
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8. (Previously Presented) A method for making a bi-funclional catalyst suitable for 
catalytic oxidation of nitrogen oxides (NOx) contained in fuel combustion gases, comprising: 

(a) providing an aqueous solution of adsorption ftmction metal ions selected 
from the group consisting of barium, cesium, lanthanum, strontium and zirconium and 
combinations thereof for providing an adsorption function and adsorption sites in the bi- 
functional catalyst for adsorbing nitrogen oxide contained in combustion gases; 

(b) providing an aqueous solution of oxidation function metal ions selected 
from the metals group consisting of chromium, cobalt, copper, iron, manganese and 
platinum for providing an oxidation function and oxidation sites for in the bi-functional 
catalyst oxidizing nitrogen oxides in combustion gases, 

said adsorption function metal ions having a molar ratio to the oxidation 
function metal ions in the range of 0,1 :1 to 5:1; 

(c) mixing said adsorption and oxidation function metal ion solutions together 
and adding a binding agent acid having at least two functional groups selected for 
providing close intimate contact of said metal ions to form a precursor solution; 

(d) drying said precursor solution and heating to a temperature of 500-800°C 
(930-1470*10 to form a metal oxide complex precursor material, then cooling the metal 
oxide complex precursor material; and 

(e) fontiing a second solution of oxidation function metal ions and a platinum 
salt, and impregnating said precursor material with said second solution, then drying and 
calcining the impregnated precursor material at 500-800°C temperature and cooling to 
yield the bi-ftmctional catalyst. 

9. (Previously Presented) The metliod for making a bi-funotional catalyst of claim 

8, wherein tlie binding agent acid comprises carboxylic acid having a molar ratio of acid to total 
metals in a range of 0.5:1 to 2:1. 

10. (Previously Presented) The method for making a bi-fiinctional catalyst of claim 

9, wherein the carboxylic binding acid comprises citric acid. 
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1 1 . (Previously Presented) Tlie method for making a bi-functional catalyst of claim 
9, wherein the carboxylic binding acid comprises sodium citrate. 

12. (Previously Presented) A method for making a bi-functional catalyst suitable for 
catalytic oxidation of nitrogen oxides (NOx) contained in fuel combustion gases, comprising; 

(a) providing an aqueous solution of adsorption function metal ions selected 
from the group consisting of barium (Ba) and lanthanum (La) for providing an adsorption 
ftmction and adsorption sites in the bi-functional catalyst for adsorbing nitrogen oxides 
contained in combustion gases; 

(b) providing an aqueous solution of oxidation function metal ions selected 
from the metals group consisting of copper (Cu) and manganese (Mn) for providing an 
oxidation function and oxidation sites in the bi-functional catalyst for oxidizing nitrogen 
oxides contained in combustion ga$es, 

said adsorption function metal ions having a molar ratio to the oxidation 
function metal ions in the range of 0.1:1 to 5:1; 

(c) mixing said adsorption and oxidation function metal ion solutions together 
and adding a binding agent acid having at least two functional groups for providing close 
intimate contact of said metal ions to form a precursor solution; 

(d) drying said piiecursor solution and heating to a temperature of 500-800°C 
(930-1470°F) to form a metal oxide complex precursor material, then cooling the metal 
oxide complex precursor material; and 

(e) forming a second solution of oxidation function metal ions comprising 
manganese (Mn) ions and a platinum (Pt) sah, and impregnating said metal oxide 
complex precursor , material with the second solution, then drying and calcining the 
impregnated precursor material at 500-800'^C temperature and cooling to yield the bi- 
functional catalyst. 

13. (Previously Presented) The method for making a bi-fimctional catalyst of claim 
12, wherein said adsorption function metal ions comprise barium (Ba). 
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14. (Previously Presented) The method for making a bi-functional catalyst of claim 
12, wherein said adsorption fimolion metal ions comprise lanthanum (La), 

15. (Previously Presented) The method for making a hi-fimctional catalyst of claim 
12, wherein said adsorption function metal ions comprise barium (Ba) and said oxidative 
function metal ions comprise copper (Cu) and manganese (Mn) promoted with platinum (Pt). 

16. (Original) The method for making a bi-functional catalyst of claim 8, including 
depositing the catalyst in powder form onto a porous support material. 

17. (Previously Presented) A process for catalytic oxidation and removal of nitrogen 
oxides (NOx) contained in fuel combustion gases, the process comprising: 

(a) providing a combustion ga$ stream containing nitrogen oxides (NOx) 
together with oxygen; and 

(b) contacting said combustion gas stream with the bi-functional oxidation 
catalyst of claim 1 in order for said catalyst to adsorb and oxidii^:e at least a portion of tlie 
nitrogen oxides (NOx) in said combustion gas stream at a temperature in a range of 170- 
SSO^'F, a pressure in a rango of 0.5-20 psig, and a space velocity in a range of 5,000- 
100,000 lir"^ to foim higher oxides of nitrogen and tliereby yield a treated combustion gas 
stream containing partial ly oxidized nitrogen oxides (NOx). 

18. (Previously Presented) The catalytic oxidation process of claim 17, wherein said 
combustion gas stream contains up to 0.5 voK % nitrogen oxides (NOx). 

19. (Previously Presented) The catalytic oxidation pmccss of claim 17, wherein said 
combustion gas stream in (b) has a temperature in a range of 200-500^F, a pressure in a range of 
1-15 psig, and a space velocity in a range of 8,000-50,000 K\ and wherein the nitrogen oxides 
(NOx) in the treated combustion gas stream comprises at least about 50 vol % NO2. 

20. (Previously Presented) The catalytic oxidation process of claim 19, wherein the 
nitrogen oxides (NOx) in the treated combustion gas stream contains 60-98 vol % NO2- 
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21. (Cancelled) 

22. (Previously Presented) The catalytic oxidation process of claim 17, wherein said 
combustion gas stream contains up to 0.2 vol. % NO^ . 

23. (Previously Presented) The catalytic oxidation process of claim 17, further 
comprising: 

(c) contacting said treated gas stream containing partially oxidized nitrogen 
oxides (NOx) with a chemical oxidant having a molar ratio of said chemical oxidant to 
nitrogen oxides (NOx) in a range of 0.5:1 to 1.2:1 to further oxidize the partially oxidized 
nitrogen oxides (NOx) to higher oxides of nitrogen; and 

(d) scrubbing the treated combustion gas stream containing the higher oxides 
of nitrogen with a scrubbing liquid to remove the higher oxides of nitrogen from the 
treated combustion gas and yield a further treated combustion gas stream containing less 
than about 15 ppm nitrogen oxides (NOx). 

24. (Previously Presented) The catalytic oxidation process of claim 23, wherein (c) is 
performed at a temperature in a range of 100-256^F and a pressure in a range of 0.8-1 .4 psig. 

25. (Previously Presented) The catalytic oxidation process of claim 23, wherein said 
chemical oxidant comprises ozone (O3), and wherein the molar ratio of the ozone (O3) to the 
nitrogen oxides (NOx) in said treated combustion gas stream is 0.8:1 to 1.0:1. 

26. (Previously Presented) The catalytic oxidation process of claim 23, wherein said 
scrubbing liquid comprises water. 

27. (Previously Presented) The catalytic oxidation process of claim 23, wherein (b) is 
performed at a temperature in a range of 300-350*F. 
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28. (Previously Presented) The catalytic oxidation process of claim 23, wherein the 
fiirther treated combustion gas stream formed in (d) contains less than about 10 ppm nitrogen 
oxides O^Ox). 

29. (Cancelled) 

30. (Currently Amended) A bi^funclional catalyst obtainable by the method of claim 
8, wherein said bi-fimctional catalyst ia guilabl o for is characterized as nromotine the catalytic 
oxidation , but not reduction, of nitrogen oxides (NOx) contained in fuel combustion gases. 

31 - (Currently Amended) A bi -functional catalyst obtainable by the method of claim 
1 2, wherein said bi-functional catalyst is suitabl e for is characterised as promoting the catalytic 
oxidation , but not reduction^ of nitrogen oxides (NOx) contained in fuel combustion gases. 
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32, (CiuTently Amended) A bi-functional catalyst useful for oxidation and removal 
of nitrogen oxides (NOx) contained in fiiel combustion gases, the catalyst comprising: 

an adsorption function metal oxide component comprising lanthanum oxide and 
optionally at least one other metal oxide selected from the group consisting of oxides of 
barium, cesium, l anthanum > strontium, and zirconium and providing adsorption function 
and adsorption sites for nitrogen oxides in fuel combustion gases; and 

an oxidation function metal oxide component comprising at least one of copper or 
manganese promoted with platinum at optionally at least one other metal oxide selected 
from the group consisting of chromium, cobalt, oopp e r, iron, mangan e s e , and platinum 
and providing an oxidation function and oxidation sites for nitrogen oxides in fuel 
combustion gases, 

said adsorption metal oxide component and said oxidation metal oxide component 
being combined together in close intimate contact by means of an intermediate aqueous 
solution, comprising (i) at least type of adsorption function metal ions, (ii) at least one 
type of oxidation function metal ions, and (iii) a binding acid agent, that is heated and 
dried in order for said adsorption and oxidation metal oxide components to be chemically 
bonded closely together so as to form a metal oxide complex having a crystalline 
structure, 

the molar ratio of the adsorption function metal ions to the oxidation 
Amction metal ions in the intermediate aqueous solution being in a range of 0.1:1 
to 5:1. 
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33. (Currently Ajiiendcd) A bi-funclional catalyst useful for oxidation and removal of 
nitrogen oxides (NOx) contained in fuel combustion gases, the catalyst comprising consisting 
essentially oT : 

an adsorption function metal oxide component comprising at least one metal 
oxide selected from the group consisting of oxides of cesium, lanthanum> strontium, and 
zirconium; and 

an oxidation function metal oxide component comprishig at least one metal oxide 
selected from the group consisting of cluomium, cobalt, copper, iron, manganese, and 
platinum, 

said adsorption metal oxide component and said oxidation metal oxide component 
being combined together in close intimate contact so that said adsoiption metal oxide 
component and said oxidation metal oxide component are chemically bonded closely 
together so as to form a metal oxide complex havmg a crystalline structure, 

the molar ratio of the metal within the adsorption function metal oxide component 
to the metal within the oxidation function metal oxide component being in a ratio range 
of 0.1 : 1 to 5 : Un the bi-functional catalyst. 
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34. (Currently Amended) A bi-funclional catalyst useful for oxidation and removal of 
nitrogen oxides (NOx) contained in fuel combustion gases, the catalyst comprising: 

an adsorption function metal oxide component comprising barium oxide and a 
substantial quantity of at least one other metal oxide selected from the group consisting of 
oxides of cesium, lanthanum, strontium, zirconium; and 

an oxidation function metal oxide component comprising at least one metal oxide 
selected from the group consisting of chromium, cobalt, copper, iron, manganese, and 
platinum, 

said adsorption metal oxide component and said oxidation metal oxide componeiit 
being combined together in close inthnate contact so that said adsorption metal oxide 
component and said oxidation metal oxide component arc chemically bonded closely 
together so as to form a metal oxide complex having a crystalline structure, 

the molar ratio of the metal within the adsorption function metal oxide component 
to the metal within the oxidation function metal oxide component being in a ratio range 
of 0,1:1 to 5 ;1 in the bi-functional catalyst, 

the catalyst characterized as promoting the catalytic oxidation, but not reduction, 
of nitrogen oxides (NOxl contained in fuel combustion gases . 
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35. (Previously Presented) A bi-functional catalyst useful for oxidation and removal 
of nitrogen oxides (NOx) contained in fuel combustion gases, the catalyst comprising: 

an adsorption function metal oxide component comprising at least one metal 
oxide selected from the group consisting of oxides of barium, cesium, lanthanum, 
strontium, and zirconium; and 

an oxidation function metal oxide component comprising at least one metal oxide 
selected from the group consisting of chromium, cobalt, copper, iron, manganese, and 
platinum, 

said adsori:>tion metal oxide component and said oxidation metal oxide component 
being combined together in close intimate contact so that said adsorption metal oxide 
component and said oxidation metal oxide component are chemically bonded closely 
together so as to form a metal oxide complex having a crystalline structure, 

the molar ratio of metal in the adsorption fimetion metal oxide component to 
metal in the oxidation function metal oxide component being in a range of 1:3 to 1 :6, 
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